Jung-Joo An, et al. The prognostic role of SCC-Ag in cervical cancer choice for SCC [5, 6] , not for the other types of carcinoma in uterine cervix. There was evidence of correlation between treatment response and SCC-Ag drops after treatment [7] and increasing serum SCC-Ag level can precede the clinical diagnosis of recurrent disease in 46-92% of the cases during the follow-up period after initial treatment [8] , however, the clinical implementation in predicting prognosis based on pre-treatment serum SCC-Ag assay is still controversial [8, 9] . The purpose of this study is to investigate the prognostic role of pre-treatment peripheral SCC-Ag level in patients with SCC of the cervix.
Materials and Methods

Patients
Patients with SCC of the cervix (International Federation of Gynecology and Obstetrics [FIGO] stage IB to IVA) who were treated at Samsung Medical Center, Seoul, Korea from 1996 to 2007 were retrospectively enrolled in this study. The patients' clinicopathological fi ndings as well as laboratory results were collected from electronic medical records with Institutional Review Board approval. We excluded patients with early cervical cancer having microscopic lesions on the cervix including IA1 and IA2; histological subtypes except for SCC and its variants; patients who underwent fertility-saving surgery; patients with concurrent hematologic or infectious diseases; patients who did not have the results of SCCAg level within two weeks before starting initial treatment; and patients who received neo-adjuvant chemotherapy before surgery.
Treatment
We usually performed surgery-based treatment in patients with early stage cervical cancer (IB1 to IIA), including bulky tumor (IB2) or radiation therapy (RT)-oriented management in patients with locally advanced cervical cancer (IIB to IVA). However, the choice for primary treatment was dependent on the attending physician's preference. Since 2000, concurrent chemotherapy with radiation therapy (CCRT) has been recommended as either the primary [10] or adjuvant treatment [11] in cases with more than one high-risk pathological factor for recurrence after surgery (please see below). Cisplatin-based regimens were used for the concurrent chemotherapy. Standard surgery consisted of type III radical hysterectomy with bilateral pelvic lymph node (LN) dissection. Bilateral salpingo-oophorectomy and para-arotic LN sampling or dissections were not routine procedures. Patients who had more than one of the three high-risk factors (positive pelvic or para-aortic LN, microscopic parametrial invasion, and positive resection margins with tumor) received adjuvant RT or CCRT. Patients with at least two of the three intermediate risk factors (stromal invasion of more than half of the cervix or stromal invasion more than 1 cm, lympho-vascular space invasion, and the largest diameter of 4 cm or greater) received adjuvant RT alone. Radiation protocols were as previously described [12] . Patients had follow-up examinations approximately every three months for the fi rst two years, every six months for the next three years, and every year thereafter. During the routine follow-up, imaging studies including computed tomography or magnetic resonance imaging, and chest X-ray was performed each year. When tumor recurrence was suspected based on clinical findings or imaging studies, biopsy was performed. We defi ned progressionfree survival as the time from the initial treatment to relapse noted on images or to the fi nal follow-up visit, and overall survival was defi ned as the time from the initial treatment to death due to cervical carcinoma or to the fi nal follow-up visit.
Statistical analysis
The Wilcoxon rank sum test or two-sample t test was used to compare the median or mean values, respectively, after checking whether the data had non-normal or normal distributions according to the Shapiro-Wilks test. The overall and progression-free survival curves were calculated according to the Kaplan-Meier method with the log-rank test. Variables shown to be signifi cant or borderline signifi cant (P < 0.2) in the univariate analysis were selected for the Cox model. The Cox proportional-hazards model was used for the multivariate analyses. Statistical analyses were performed using SPSS ver. 12.0 (SPSS, Chicago, IL, USA). A P-value < 0.05 was considered statistically significant and all P -values were two-sided.
Results
We retrospectively enrolled 788 patients with SCC of the cervix (IB to IVA). The basal characteristics of these patients are described in Table 1 . The median age of the patients was 51 years (range, 21-85 years) and 407 out of 788 patients had elevating pretreatment SCC-Ag level (51.6%). Median SCC-Ag level was 1.6 ng/mL (reference range, 0.1-362.0 ng/mL) in all patients. When the cohort was divided according to stage as either early cervical KJOG Vol. 54, No. 8, 2011 carcinoma (ECC) or locally advanced cervical carcinoma (LACC), patients with LACC had higher pre-treatment level of SCC-Ag (1.2 ng/mL vs. 7.1 ng/mL, P < 0.001). The median follow-up for the patient group was 53.4 months, with a range of 1-181 months, and the fi ve-year survival rate was 87.8%. There were 121 progression (15.4%) and 88 (11.2%) cancer-related deaths during the study period. In all patients, the univariate analysis revealed that the most of the clinical parameters including age, pre-treatment SCC-Ag level, stage, and type of treatment had prognostic significance for both progression-free survival and overall survival and these signifi cances remained even after multivariate analysis except for age (Table 2 ). When we divided the cohort based on the stage (ECC: IB1 and IIA vs. LACC: IB2 and IIB to IVA) and performed multivariate analysis, pre-treatment SCC-Ag entailed prognostic signifi cance only in LACC (progression-free survival: hazard ratio
[HR], 1.007; 95% confi dential interval [CI], 1.003-1.010; overall survival: HR, 1.005; 95% CI, 1.001-1.009). When we dichotomized the patients with LACC according the median level of pretreatment SCC-Ag (7.1 ng/dL), the patients with LACC who had higher pre-treatment SCC-Ag level showed more than 2 times higher progression or death rate compared with patients who did not, in multivariate analysis (Table 3 , Fig. 1 ). Among patients who showed recurrence disease and had the result of SCC-Ag before recurrence (n=94), 79 patients (84.0%) had the elevation of SCC-Ag level with recurrence and the recurrence cases that showed pre-treatment SCC-Ag level more than 7.1 ng/ dL represented increasing SCC-Ag level with recurrence in 100% (45/45) ( Table 4 ).
Discussion
In this study, we found that pre-treatment SCC-Ag level is an independent prognostic factor for survival in patients with LACC. Most of the patients (84%, 79/94) had elevation of SCC-Ag level at the time of recurrent disease and SCC-Ag level increased again in all cases of recurrence, which showed high level of SCC-Ag (≥ 7.1 ng/dL) before the primary treatment (100%, 45/45). Cervical carcinoma is the only major gynecologic malignancy that is staged clinically [13] . As a result predicting survival based on clinical stage alone may have limitation. For example, lymph node status, which is proven to be an important determinant of prognosis [14] , is not part of the FIGO staging system. Furthermore, while we can use the post operative findings including lymph node status, parametrial invasion, and tumor present in resection margin to stratify the prognosis in early disease; the main treatment is surgery [3] , there are no clinical parameters except for clinical stage in clinical staging system to stratify the prognosis of patients with advanced disease, which treatment is usually CCRT. This is why tumor marker in LACC should be so important in clinic and we could fi nd that clinical impact of SCC-Ag on survival was bigger than that of clinical stage in our study population. From the discovery [15] of SCC-Ag, which emerged concurrently with squamous formation of the uterine cervix and increased during the neoplastic transformation of the cervical squamous epithelium [6] , several clinical researches investigated the prognostic role of SCC-Ag in squamous cell cervical carcinoma [8, 16] . In ECC the prognostic role of SCC-Ag was not found in most of the studies [5, 9, 17, 18] , which is in line with our results. Even though there was evidence of a link between pre-treatment SCC-Ag level and lymph node metastasis in some studies [17, 19] , its prognostic signifi cance is weak. Takeda et al. [19] reported that pre-operative SCC-Ag seems to be useful in estimating lymph node status and the prognosis for patients with cervical carcinoma. However, the study population was only 103, which was small, and about half of the patients were stage IIB, which is categorized into LACC with recommended management of RT or CCRT. Overall, routine check of serum SCC-Ag before surgery in ECC to predict recurrence may be unreasonable. On the other hand, the prognostic role of pre-treatment SCC-Ag in LACC seems to be clear [7, 20, 21] . For example, Hong et al. [21] reported that pre-treatment SCC-Ag level higher than 10 ng/mL are an independent predictor for poor prognosis in their study of a single institution with large cohort, which is correspond well with our results. Furthermore we could observe that post-treatment follow-up SCC-Ag levels should be as important as measurement of pre-treatment level in LACC, especially in case of higher pretreatment SCC-Ag level (≥ 7.1 ng/dL), because all of the cases showed elevation of SCC-Ag level at the time of recurrent cervical carcinoma. However, it was also reported that pre-treatment SCC- Ag levels neither predicts pathological response to treatment nor the clinical outcome. Furthermore, they concluded that post-treatment SCC-Ag levels are more important to predict pathological response to CCRT and survival outcomes in LACC [22] . This debate should be confi rmed in future studies. There are some concerns should be discussed in this study. First, we do not have many treatment options to choose in LACC. Because CCRT was proven to be more effective than RT alone in LACC [10] , CCRT is only standard treatment of choice in these patients. However, recently, it was reported that consolidation chemotherapy after CCRT may improve survival compared to CCRT alone in patients with LACC [12] , which could give physicians a treatment option for patients with high level of pre-treatment SCC-Ag level. Second, other clinical parameters including paraaortic lymph node status on imagining study [23] , patient's performance scale, or factors which could cause of elevated serum levels of SCC-Ag such as benign lesions of lung or skin diseases were not considered in this study [24] . Finally, many molecular markers have been investigated to predict prognosis of cervical carcinoma [25] [26] [27] . In the future, there should be a well designed prospective study to compare these molecular markers with SCC-Ag or develop prognostic models using combined index consist of these markers.
In conclusion, pre-treatment SCC-Ag level is an independent prognostic factor for survival in patients with LACC. Measuring pre-treatment serum SCC-Ag may be a cost-effective method to predict prognosis in patients with LACC. Normal range of SCC-Ag=0-1.5 ng/dL, if SCC-Ag level was within normal range at the time of recurrence before 6 months and after 6 months, we regarded it as a disease relapse without SCC-Ag elevation. 
